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
$EVWUDFW $FFHOHUDWLRQ FRQWURO RI WXUERIDQ HQJLQHV LV FRQYHQWLRQDOO\ GHVLJQHG WKURXJK HLWKHU
VFKHGXOHEDVHGRUDFFHOHUDWLRQEDVHGDSSURDFK:LWK WKHZLGHVSUHDGDFFHSWDQFHRIPRGHOEDVHG
GHVLJQ LQ DYLDWLRQ LQGXVWU\ LW EHFRPHV QHFHVVDU\ WR LQYHVWLJDWH WKH LVVXHV DVVRFLDWHG ZLWK
PRGHOEDVHG GHVLJQ IRU DFFHOHUDWLRQ FRQWURO ,Q WKLV SDSHU WKH FKDOOHQJHV IRU LPSOHPHQWLQJ
PRGHOEDVHG DFFHOHUDWLRQ FRQWURO DUH H[SODLQHG D QRYHO +DPPHUVWHLQ:LHQHU UHSUHVHQWDWLRQ RI
HQJLQHPRGHOV LV LQWURGXFHGEDVHGRQ WKH+DPPHUVWHLQ:LHQHUPRGHO D QRQOLQHDUJHQHUDOL]HG
PLQLPXPYDULDQFHW\SHRIRSWLPDOFRQWUROODZLVGHULYHGWKHIHDWXUHRIWKHSURSRVHGDSSURDFKLV
WKDW LW GRHV QRW UHTXLUH WKH LQYHUVLRQ RSHUDWLRQ WKDW XVXDOO\ XSVHWV WKRVH QRQOLQHDU FRQWURO
WHFKQLTXHV 7KH HIIHFWLYHQHVV RI WKH SURSRVHG FRQWURO GHVLJQ PHWKRG LV YDOLGDWHG WKURXJK D
GHWDLOHGQXPHULFDOVWXG\ 

.H\ZRUGV 0RGHOEDVHG GHVLJQ $FFHOHUDWLRQ FRQWURO 1RQOLQHDU FRQWURO +DPPHUVWHLQ:LHQHU
PRGHO






&RUUHVSRQGLQJDXWKRU7HO  (PDLODGGUHVVMLTLDQJZDQJ#QXDDHGXFQ-LTLDQJ
:DQJ
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
 ,QWURGXFWLRQ
7KHFRQFHSWRIPRGHOEDVHGGHVLJQKDVJDLQHGZLGHVSUHDGDFFHSWDQFHLQPDQ\LQGXVWULDOV\VWHPV
,W KDV WUDQVIRUPHG KRZ FRPSOH[ V\VWHPV VKRXOG EH GHVLJQHG LPSOHPHQWHG DQG WHVWHG > @
8QOLNH FRQYHQWLRQDO ZDWHUIDOO GHYHORSPHQW PRGHO >@ PRGHOEDVHG GHVLJQ SURFHVV FDQ WDNH
UHTXLUHPHQWVDVSDUWRIWKHPRGHODQGJHQHUDWHFRGHDXWRPDWLFDOO\ZKLOHFDUU\LQJRXWWHVWLQJDQG
YHULILFDWLRQFRQWLQXRXVO\>@'XHWRWKHVHLPSUHVVLYHIHDWXUHVPRGHOEDVHGGHVLJQKDVHPEDUNHG
RQH[WHQVLYHLQYHVWLJDWLRQIURPDYLDWLRQLQGXVWU\2QHRIWKHURDGPDSVLVWKHPRGHOEDVHGFRQWURO
V\VWHPGHVLJQIRUWXUERIDQHQJLQHV
&RQWURO RI WXUERIDQ HQJLQHV KDV EHHQ D FKDOOHQJLQJ WDVN GXH WR QXPHURXV VWULQJHQW
UHTXLUHPHQWV DQG H[WUHPH UHOLDELOLW\ SDUWLFXODUO\ ZLWK LQFUHDVLQJ GHPDQG DULVLQJ IURP
FRPSOLFDWHGWDVNVVXFKDVSRZHUPDQDJHPHQWVWDUW ORJLF WDNHRIIFOLPELQJFUXLVHFRQWURODFWLYH
FOHDUDQFHDQGRWKHU DFWLYHFRQWUROV HQJLQHPRQLWRULQJDQGRWKHU ³LQWHOOLJHQW´ IXQFWLRQVHWF)RU
SULPDU\ FRQWUROV KRZHYHU WXUERIDQ HQJLQH FRQWURO V\VWHPV DUH GLYLGHG IXQFWLRQDOO\ LQWR WKUHH
EDVLFFRQWUROVVHWSRLQWFRQWUROWUDQVLHQWFRQWURODQGOLPLWSURWHFWLRQ>@7UDQVLHQWFRQWUROUHIHUV
WR WKH HQJLQH LQ WUDQVLHQW RSHUDWLRQ ZKHQ LW H[SHULHQFHV DFFHOHUDWLRQ RU GHFHOHUDWLRQ 7KH
UHTXLUHPHQW IRU WUDQVLHQW FRQWURO LV WKHUHIRUH WR KDYH D VDIH DQG IDVW WUDQVLHQW UHVSRQVH ZKHQ
PDQRHXYULQJ7KHUHIRUHWKHRSWLPDORSHUDWLQJFXUYHLISORWWHGRQDFRPSUHVVRUvsFRUUHFWHGPDVV
IORZUDWHPDSVHH)LJZRXOGEHWKHOLQHIROORZLQJFORVHO\WKHVXUJHOLQHIRUDFFHOHUDWLRQDQG
EXUQHU EORZRXW OLPLW IRU GHFHOHUDWLRQ ,Q SUDFWLFH KRZHYHU HQRXJK VXUJH DQG VWDELOLW\ PDUJLQ
VKRXOGEHUHWDLQHGDQGPRUHLPSRUWDQWO\LWLVH[WUHPHO\FKDOOHQJLQJWRGHWHUPLQHZKHUHWKHUHDO
VXUJHOLQHORFDWHV7KLVLVWKHUHDVRQWKDWWUDQVLHQWFRQWUROLVPXFKPRUHFKDOOHQJLQJWRGHVLJQDQG
DFFRXQWVIRUDSSUR[LPDWHO\RIWKHWRWDOFRQWUROGHVLJQDQGGHYHORSPHQWHIIRUW>@ 
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

)LJ7UDQVLHQWFRQWURODVUHSUHVHQWHGLQDFRPSUHVVRUvsFRUUHFWHGPDVVIORZUDWHPDS
5HIHUULQJ WR WKH DERYH ILJXUH WUDQVLHQW FRQWURO LV FRPSOHWHG ZLWK VHW SRLQW FRQWURO DQG
WUDQVLHQWVFKHGXOHV7KDWLVDFFHOHUDWLRQGHFHOHUDWLRQSURFHVVVWDUWVIURPRQHVHWSRLQWWRDQRWKHU
VHWSRLQWDQGFRPELQHVZLWKDQDFFHOHUDWLRQGHFHOHUDWLRQVFKHGXOH LQEHWZHHQ7KHUHIRUH LVVXHV
WKDW VKRXOG EH DGGUHVVHG IRU WUDQVLHQW FRQWURO LQFOXGH  KRZ WR FKDQJH WKH HQJLQH¶V RSHUDWLQJ
FRQGLWLRQIURPRQHVWDWHWRDQRWKHUDQGKRZWRNHHSWKHHQJLQHIURPH[FHHGLQJRSHUDWLQJOLPLWV
ZKLOH PDNLQJ WKHVH VWDWH FKDQJHV DV UHSUHVHQWHG E\ SRZHU OHYHU DQJOH  KRZ WR SURYLGH
DFFHSWDEOH WUDQVLHQW SHUIRUPDQFH HJ ULVLQJ WLPH VHWWOLQJ WLPH RYHUVKRRW HWF 7R VROYH WKHVH
SUREOHPV WZR DSSURDFKHV DUH FRQYHQWLRQDOO\ XVHG schedule-based transient control DQG
acceleration-based transient control,QVFKHGXOHEDVHGWUDQVLHQWFRQWUROFRQWURODXWKRULW\VWDUWV
IURPRQHVHWSRLQWFRQWUROOHUKDQGOHVRYHUWRWKHWUDQVLHQWFRQWUROOHUWKURXJKDLow-Win logicIRU
DFFHOHUDWLRQDQGDHigh-Win logicIRUGHFHOHUDWLRQEHIRUHWUDQVIHUULQJWKHDXWKRULW\WRDQRWKHUVHW
SRLQWFRQWUROOHUDQGWKHWLPHLWWDNHVIRUWKHVHWSRLQWFRQWUROOHUWRKDQGRYHUWKHFRQWURODXWKRULW\
GHSHQGV RQ WKH GLIIHUHQFH EHWZHHQ WKH EHJLQQLQJ DQG WKH HQGLQJ VSHHGV GHILQHG E\ WKH
FRUUHVSRQGLQJVHWSRLQWV7RSUHYHQW WKHHQJLQHZRUNVH[FHHGLQJ LWV OLPLWV WKHDFFHOHUDWLRQDQG
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GHFHOHUDWLRQVFKHGXOHVDUHFDUHIXOO\WXQHGDQGWKLVRIWHQUHVXOWVLQDORRNXSWDEOHHPEHGGHGLQWR
WKH HQJLQH FRQWURO V\VWHP ORJLF 7KLV VFKHGXOHEDVHG FRQWURO VROYHV WKH WUDQVLHQW FRQWURO GHVLJQ
SUREOHPEXW LWPD\OHDGVWRVOXJJLVKUHVSRQVHDQGIRUPDQ\VLWXDWLRQV WKHHQJLQHLVUHTXLUHGWR
KDYHDTXLFNUHVSRQVHWRSRZHUOHYHOUHTXHVW,QWKLVFDVHWKHDFFHOHUDWLRQEDVHGWUDQVLHQWFRQWURO
FDQEHXWLOL]HGZKHUHWKHHQJLQHSURGXFHVDGHVLUHGDFFHOHUDWLRQRUGHFHOHUDWLRQLQHQJLQHVSHHG
GLUHFWO\UDWKHUWKDQPRGXODWHWKHIXHOIORZWRSURGXFHDGHVLUHGVKDIWVSHHG
+RZHYHUIRUERWKVFKHGXOHEDVHGDQGDFFHOHUDWLRQEDVHGFRQWUROVLWLVVHHQWKDWWKHNH\WR
WUDQVLHQW FRQWURO GHVLJQ LV WKH WUDQVLHQW VFKHGXOH WKDW KDV EHHQ FRQYHQWLRQDOO\ LPSOHPHQWHG DV
ORRNXS WDEOHV7KHVH WDEOHVDUHREWDLQHGIURPH[WHQVLYHVLPXODWLRQVDQGH[SHULPHQWDWLRQVRIWHQ
UHVXOWLQJLQH[WUHPHO\KLJKFRVWDQGORQJGHYHORSPHQWF\FOHLQDGGLWLRQWRWKHHUURUSURQHQDWXUH
RI WKH WULDODQGHUURU PHWKRGRORJ\ :LWK WKH ZLGHVSUHDG DFFHSWDQFH RI WKH PRGHOEDVHGGHVLJQ
FRQFHSW LQDYLDWLRQLQGXVWU\ LWKDVDWWUDFWHGPXFKDWWHQWLRQIRU WKHSDVWGHFDGHV+RZHYHU WKHUH
DUH IXQGDPHQWDOGLIILFXOWLHVDVVRFLDWHGZLWK WKHPRGHOEDVHGHVLJQ IRUHQJLQH WUDQVLHQWFRQWUROV
7KHUHDVRQIRUWKLVLVWKDWWKHHQJLQHG\QDPLFVYDULHVVLJQLILFDQWO\RYHUWKHIOLJKWHQYHORSHDQGLW
LVYHU\GLIILFXOWWRREWDLQDPDWKHPDWLFDOO\DQDO\WLFDOH[SUHVVLRQIRUWKHHQJLQHPRGHO,QIDFWLWLV
ZHOONQRZQWKDW WKHDHURWKHUPDOFRPSRQHQWOHYHOPRGHOVFDQFDSWXUH WKHHQJLQHG\QDPLFVYHU\
DFFXUDWHO\ >@+RZHYHU WKHFRPSRQHQWOHYHOPRGHOVDUHQRWFRQWURORULHQWHGGXH WR WKH IDFW
WKHNH\FRPSRQHQWVVXFKDVIDQFRPSUHVVRUDQGWXUELQHDUHUHSUHVHQWHGE\ORRNXSWDEOHVRUVRPH
RWKHUQRQDQDO\WLFDOPRGXOHVVXFKDV&RU)RUWUDQSURJUDPFRGHVZKLOHXQIRUWXQDWHO\PRVWRI
WKHFRQWUROWKHRULHVDVVXPHWKDWDQDQDO\WLFDOPRGHOH[LVWVEHIRUHFRQWUROGHVLJQ,WLVLOOXPLQDWLQJ
WR SRLQW RXW WKDW QRQOLQHDU V\VWHPV WKHRU\ KDV GHYHORSHG UDSLGO\ RYHU UHFHQW GHFDGHV LQFOXGLQJ
FRQFHSWV VXFK DV ]HUR G\QDPLFV DQG QRUPDO IRUPV >@ SDVVLYLW\ DQG GLVVLSDWLYLW\ >@
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
QRQHTXLOLEULXP WKHRU\ >@ HWF $V D FRQVHTXHQFH D QXPEHU RI QRQOLQHDU FRQWURO GHVLJQ
WHFKQLTXHV KDYH EHHQ ZHOO HVWDEOLVKHG VXFK DV IHHGEDFN OLQHDUL]DWLRQ >@ UHFXUVLYH GHVLJQV
LQFOXGLQJ EDFNVWHSSLQJ DQG IRUZDUGLQJ >@ HQHUJ\EDVHG FRQWURO GHVLJQ IRU QRQKRORQRPLF
G\QDPLFDOV\VWHPV>@DQGQRQOLQHDUPRGHOSUHGLFWLYHFRQWURO>@WRQDPHMXVWDIHZ+RZHYHU 
most of the above theories assume implicitly that the system model can be represented by 
difference/differential equations7KHUHIRUHIRUWXUERIDQHQJLQHVZLWKQRQDQDO\WLFDOPRGXOHV the 
above methods cannot be applied directly 
7R FDUU\ RXW 0%' IRU HQJLQH FRQWUROV WZR IXQGDPHQWDO DSSURDFKHV FDQ EH XVHG WR
³H[WUDFW´ OLQHDURUQRQOLQHDUPRGHOVEHIRUH WKH WUDQVLHQWFRQWUROGHVLJQSURFHVV7KH ILUVWRQH LV
OLQHDUL]DWLRQKRZHYHUGXHWRWKHORFDOQDWXUHRIOLQHDUL]DWLRQWHFKQLTXHVWKHPRGHOVXFKREWDLQHG
LV RQO\ YDOLG ZLWKLQ D YLFLQLW\ RI FHUWDLQ RSHUDWLQJ SRLQW XVXDOO\ ZLWKLQ  RI HQJLQH VKDIW
VSHHGDQGWKLVH[SODLQVWKHUHDVRQWKDWJDLQVFKHGXOLQJKDVEHHQXQLYHUVDOO\DGRSWHGLQDLUFUDIW
HQJLQHFRQWUROV\VWHPGHVLJQZLWK WKHPRVW UHFHQWGHYHORSPHQWFDOOHGOLQHDUSDUDPHWHUYDU\LQJ
FRQWURO>@:KLOHJDLQVFKHGXOLQJFRQWUROKDVORQJEHHQDVWDQGDUGSUDFWLFH>@SDUWLFXODUO\
IRU FLYLO DLUFUDIW HQJLQH FRQWUROV LWV SHUIRUPDQFH PD\ GHWHULRUDWH VHULRXVO\ GXULQJ FRQWUROOHU
VZLWFKLQJDQGWKLVOHDGVWRWKHGHYHORSPHQWRIOLQHDUSDUDPHWHUYDU\LQJ/39FRQWUROWRREWDLQ
³VPRRWK´WUDQVLWLRQRIFRQWUROOHUVZLWFKLQJ7KLV/39DSSURDFKWR0%'RIWUDQVLHQWFRQWUROKDV
EHHQ H[WHQVLYHO\ LQYHVWLJDWHG LQ 61(&0$ >@ DQG WKH IROORZLQJ FKDOOHQJHV KDYH EHHQ
LGHQWLILHG  WKH /39 PRGHO RI WXUERIDQ HQJLQHV LV GLIILFXOW WR REWDLQ  FRQWURO GHVLJQ LV
UHODWLYHO\ GLIILFXOW WR SHUIRUP GXH WR WKH QRQFRQYH[LW\ RI /0,  WKH RUGHU RI UHVXOWLQJ
FRQWUROOHUV LV UHODWLYHO\ KLJK 7KHUHIRUH /39 PRGHOOLQJ DQG FRQWURO QHHG IXUWKHU LQYHVWLJDWLRQ
SDUWLFXODUO\IRUWKHEHQHILWRIRQERDUGUHDOWLPHFRQWURO
Page 5 of 16
https://mc.manuscriptcentral.com/tjj
International Journal of Turbo and Jet Engines
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Preview Only

7KH DERYH GLIILFXOWLHV DVVRFLDWHG ZLWK WKH OLQHDUL]DWLRQ WHFKQLTXH WR FRQWURORULHQWHG
PRGHOOLQJDUH UHIOHFWHGE\ WKH UHFHQW WUHQG LQXWLOL]LQJV\VWHPLGHQWLILFDWLRQDSSURDFKHV2QHRI
WKH PRVW RIWHQ XVHG LV WKH QHXUDO QHWZRUNV PRGHO WKDW FRQVWLWXWHV RIIOLQH WUDLQLQJ DQG RQOLQH
DGDSWDWLRQ SURFHVV WR LPSURYH DFFXUDF\ DQG UHDOWLPH SHUIRUPDQFH UHVXOWLQJ QHXUDO QHWZRUNV
PRGHOV RYHU WKH IOLJKW HQYHORSH >@+RZHYHU WR WKHEHVW RI WKH DXWKRUV¶ NQRZOHGJH WKHUH
KDYHQRWEHHQIOLJKWWHVWHGUHVXOWVVRIDU7KHVLJQLILFDQFHRIQHXUDOQHWZRUNVLVWKDWLWPRWLYDWHV
WKH XWLOL]DWLRQ RI RWKHU LGHQWLILFDWLRQ PHWKRGV IRU RQERDUG UHDOWLPH PRGHOOLQJ DQG WKH
LQYHVWLJDWLRQ RI FRQWURORULHQWHG PRGHOEDVHG GHVLJQV ,Q WKLV QRWH D +DPPHUVWHLQ:LHQHU
UHSUHVHQWDWLRQ RI WKH HQJLQH WUDQVLHQW PRGHO LV SURSRVHG LQ VHFWLRQ  IRU VXFK D PRGHO D
JHQHUDOL]HGPLQLPXPYDULDQFHW\SHRIRSWLPDOFRQWUROODZLVGHULYHGLQVHFWLRQWKHIHDWXUHKHUH
LVWKDWWKHSURSRVHGFRQWUROODZGRHVQRWUHTXLUHWKHLQYHUVHRSHUDWLRQRIWKHLGHQWLILHGQRQOLQHDU
V\VWHP PRGHO WKDW RIWHQ WURXEOHV PDQ\ QRQOLQHDU FRQWURO WHFKQLTXHV 6HFWLRQ  SURYLGHV D
QXPHULFDOH[DPSOHLVWRYDOLGDWHWKHSURSRVHGGHVLJQEHIRUHWKHFRQFOXVLRQLQVHFWLRQ
 7XUERIDQ(QJLQH+DPPHUVWHLQ:LHQHU0RGHOOLQJ
7KHPRVWDFFXUDWHHQJLQHPRGHOLVWKHWKHUPDOPHFKDQLFDOFRPSRQHQWOHYHOPRGHO7KLVW\SHRI
PRGHOV FDQ WDNH KHDW VRDNDJH WLPH GHOD\ WXUELQH FRROLQJ HWF LQWR DFFRXQW KHQFH UHTXLULQJ
H[WHQVLYH FRPSXWLQJ SRZHU DQG UHODWLYHO\ ORQJ FRPSXWDWLRQ WLPH DQG WKHUHIRUH QRW VXLWDEOH IRU
PRGHOEDVHGGHVLJQRIWUDQVLHQWFRQWUROVRQWKHRWKHUKDQGWKH\DUHQRWFRQWURORULHQWHGVLQFHWKH
FKDUDFWHULVWLFVRINH\FRPSRQHQWVVXFKDVFRPSUHVVRUVFRPEXVWRUVDQGWXUELQHVDUHJLYHQLQWKH
IRUPRI ORRNXSWDEOHV WKHSUHVHQFHRIVXFKPDWKHPDWLFDOO\QRQDQDO\WLFDOPRGXOHVSUHYHQWV WKH
GLUHFWXWLOL]DWLRQRIPRVWRIWKHFRQWUROGHVLJQPHWKRGRORJLHV7RWDNHFDUHRIWKLVVLWXDWLRQDV
H[SODLQHG DERYH OLQHDUL]DWLRQ RU LGHQWLILFDWLRQ WHFKQLTXHV DUH XWLOL]HG ,Q WKLV SDSHU DQ
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
LGHQWLILFDWLRQDSSURDFKLVWDNHQDQGD+DPPHUVWHLQ:LHQHUUHSUHVHQWDWLRQRIWKHHQJLQHPRGHOLV
LGHQWLILHG7KHUHVXOWLVVKRZQLQ)LJ
      





0RGHO9DOLGDWLRQ
7LPH
5R
WDW
LRQ
DO
6S
HH
G1

 ]YPHDVXUHG
PILW

)LJ+DPPHUVWHLQ:LHQHUUHSUHVHQWDWLRQRIHQJLQHPRGHO
7KH PRGHO LV REWDLQHG ZLWK WKH URWDWLRQDO VSHHG RI HQJLQH UXQQLQJ IURP  WR 
&RQVLGHULQJWKDWD OLQHDUPRGHO LVRQO\YDOLGZLWKLQRI WKHFKDQJHRIURWDWLRQDOVSHHGWKH
LGHQWLILHG+DPPHUVWHLQ:LHQHUPRGHOUHWDLQVDQDFFHSWDEOHDFFXUDF\IRURIURWDWLRQDOVSHHG
FKDQJHPDNLQJLWIHDVLEOHIRULQLWLDOFRQWUROGHVLJQHYDOXDWLRQ,WLVDOVRZRUWKQRWLQJWKDWXVXDOO\
WKHUHDUHOLQHDUPRGHOVUHTXLUHGIRULQWHUSRODWLRQEHWZHHQLGOHSRZHUDQG72SRZHU8VLQJ
QRQOLQHDUPRGHOVPD\VLJQLILFDQWO\UHGXFHWKHQXPEHURIPRGHOVUHTXLUHGDQGKHQFHIRUWKUHGXFH
WKHVZLWFKLQJIUHTXHQFLHV7KLVLVDGYDQWDJHRXVVLQFHHQJLQHSHUIRUPDQFHFDQGHWHULRUDWHGXULQJ
IUHTXHQWVZLWFKLQJ7KLVSRLQWKDVQRWEHHQIXOO\UHFRJQL]HGLQHQJLQHFRQWUROV\VWHPGHVLJQ 


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
 2SWLPDO7XUERIDQ(QJLQH7UDQVLHQW&RQWUROOHU'HVLJQ
7RSURFHHGIRUWKHPRGHODERYHLWFDQEHUHSUHVHQWHGXVLQJDQRQOLQHDURSHUDWRUUHIHUULQJWRWKH
IROORZLQJEORFNGLDJUDPLQ)LJ 
 uWu k                                                                
ty
tZ
tv
6HQVRUV'HOD\




&RQWUROOHU
tr
tz
'LVWXUEDQFH
kW
kz kW
dW
td
u u+DPPHUVWHLQ:LHQHU5HSUHVHQWDWLRQ

)LJ%ORFNGLDJUDPRIWKHHQJLQHFRQWUROV\VWHP
7KH FRQWURO V\VWHP LV VKRZQ LQ )LJ  ZKHUH WKH VHQVRU PRGHO kW   LV D OLQHDU PRGHO
XVXDOO\ D ILUVW RUGHU LQHUWLDO HOHPHQW 7RJHWKHU ZLWK WKH WLPH GHOD\ WKH VHQVRU PRGHO FDQ EH
FRPELQHGZLWKWKHGLVWXUEDQFHPRGHODV




ktDutCxty
tEktButAxtx
 
  [                                           
3.1. Optimal controller design 
7R GHULYH WKH RSWLPDO FRQWURO VLJQDO D FRVW IXQFWLRQ VKRXOG ILUVW EH GHILQHG ,Q WKLV SDSHU WKH
IROORZLQJPLQLPXPYDULDQFHW\SHRILQGH[LVFRQVLGHUHG
^ ` > @^ `  tttraceEttEJ TT IIII                                          



(QJLQHPRGHOZLWKVHQVRUV	GHOD\V
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ZKHUH    tuFtePt cc  I DQG cP  DQG cF  DUHGHVLJQSDUDPHWHUV&RQVLGHULQJWKHVLJQDO
GHOD\WKHFRQWUROVLJQDOFDQRQO\DIIHFW  tI  DIWHUDWOHDVWkVWHSV7KHUHIRUHWKHUHLVQRORVVRI
JHQHUDOLW\WRH[SUHVV
cF DV ckkc FzF  WKHQ  tI  FDQEHUHZULWWHQDV 
> @    tuFktvktyktrPkt ckc  I                                 
1RZ FRQVLGHU WKH RSWLPL]DWLRQ RI WKH FRVW IXQFWLRQJ WKH H[SUHVVLRQ ^ `  ttEJ T II  FDQ EH
UHSUHVHQWHGE\DFRPELQDWLRQRIRSWLPDOHVWLPDWLRQ Ö tkt I  DQGHVWLPDWLRQHUURU a tkt I 
$QDSSOLFDWLRQRIRUWKRJRQDOLW\OHDGVWR
^ ` ^ ` ^ `aaÖÖ  tkttktEtkttktEttEJ TTT   IIIIII          
7KHHVWLPDWLRQHUURU a tkt I  LVQRWFRUUHODWHGZLWKFRQWUROLQSXWKHQFHIRUWKWKHFRQGLWLRQIRU
PLQLPL]LQJWKHFRVWIXQFWLRQJLVWKDWWKHkVWHSHVWLPDWLRQ Ö   tktI  
1RZ
> @   ÖÖÖ  tuFtDutktxCtktrPtkt ckc  I                          
,QWKHDERYHHTXDWLRQIRUHDFKFRPSRQHQW
Ö tktr  WKLVWHUPLVWKHkVWHSRSWLPDOHVWLPDWLRQIRUUHIHUHQFHVLJQDO$UHIHUHQFHVLJQDOFDQEH
UHSUHVHQWHGE\DOLQHDUV\VWHPZLWKGLVWXUEDQFH


txCtr
tBtxAtx
rr
rrrr
 
  Z                                                
ZKHUH tZ  LV D ZKLWH QRLVH ZLWK ]HUR PHDQ DQG XQLW\ FRYDULDQFH 7KHUHIRUH WKH UHIHUHQFH
VLJQDOkVWHSRSWLPDOHVWLPDWLRQLV
Ö ttxCtktr rkr                                                           
Ö tktx  LVWKHkVWHSRSWLPDOHVWLPDWLRQIRUWKHFRPELQHGPRGHODQGWKXVFDQEHZULWWHQLQWR
ÖÖ  tBuzkTttxAtktx k                                             
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ZKHUH      kk AzAzAzIzzkT  
1RZLW LVUHTXLUHGWRHVWLPDWH WKHVWDWH Ö ttx )URPWKHZHOONQRZQ.DOPDQILOWHU WKHRU\ WKH
IROORZLQJVWDWHHVWLPDWLRQHTXDWLRQVDUHREWDLQHG
Predictor ÖÖ  ktButtxAttx                                       
Corrector > @ÖÖÖ tteteKttxttx f                                
ÖÖÖ ttyttrtte   Ö   ktDuttxCttxC rr           
ZKHUH fK GHQRWHVWKH.DOPDQILOWHUJDLQPDWUL[
,QVHUWLQJHTXDWLRQDQGLQWRDQGUHDUUDQJLQJ 
> @ Ö  tuzTttxCztezTttx frrf                             
ZKHUH 
> @ fff KAzCKIIzT                                                
> @ > @ kffff zBzCKIDKAzCKIIzT                           
7KHRSWLPDOVLJQDO tuopt  WKDWRSWLPL]HVWKHFRVWIXQFWLRQJFDQQRZEHREWDLQHG
> @ ^ `   Ö     tuFtuWDBzkCTttxCAttxCP optckoptkkrkrc             
7KHRSWLPDOFRQGLWLRQKDVWKHIROORZLQJWZRDOWHUQDWLYHUHSUHVHQWDWLRQV
> @^ ` > @Ö  ttxCAttxCPWDBzkCTPFtu krkrckcckopt                      
RU
> @ ^ `Ö  tuWDBzkCTttxCAttxCPFtu optkkrkrcckopt            
3.2. Optimal controller implementation 
1RZREVHUYH WKHRSWLPDO FRQWURO VLJQDODVJHQHUDWHG IURPHTXDWLRQ  LW UHTXLUHV WKH LQYHUVH
RSHUDWLRQRIWKHQRQOLQHDUHQJLQHPRGHODQGWKLVLVcomputationally expensive and in many cases 
infeasible ,Q IDFW IRU PRVW RI WKH QRQOLQHDU FRQWURO WHFKQLTXHV RSWLPDO FRQWURO VROXWLRQV DUH
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
REWDLQHGWKURXJKWKHLQYHUVLRQRIWKHQRQOLQHDUV\VWHPDQGLWLVH[DFWO\WKLVLQYHUVLRQWKDWKXUGOHV
WKH DSSOLFDWLRQ RI DGYDQFHG FRQWURO LQWR SUDFWLFDO HQJLQHHULQJ 0HDQZKLOH WKH RSWLPDO FRQWURO
VLJQDO DV JHQHUDWHG IURP HTXDWLRQ  DYRLGV LQYHUVH RSHUDWLRQ RI WKH QRQOLQHDU PRGHO IRU LWV
FRPSXWDWLRQ WKXV LW LV LGHDO IRU UHDO WLPHHQJLQHFRQWURODSSOLFDWLRQ7KHEORFNGLDJUDPIRU WKH
WUDQVLHQWHQJLQHFRQWUROV\VWHPDQGFRQWUROOHUVWUXFWXUHLVVKRZQLQ)LJ 

7KH WZR SDUDPHWHUV
cP  DQG ckF  DUH GHVLJQ IUHHGRP WR IXUWKHU LPSURYH WKH FRQWURO
SHUIRUPDQFH8VXDOO\LID3,'FRQWUROOHUH[LVWVWKDWVWDELOL]HVWKHFORVHGORRSV\VWHPZKLFKLVWKH
FDVHIRUPRVWRIWKHFLYLODQGPLOLWDU\HQJLQHFRQWUROVH[SHULHQFHVVKRZWKDWLWLVYHU\HDV\WRILQG
DVHWRI
cP  DQG ckF  WKDWPDNHVWKHFORVHGORRSVWDEOH
7RVXPPDUL]HWKHIROORZLQJREVHUYDWLRQVDUHOLVWHG
 2SWLPDO FRQWURO VLJQDO LV SURYLGHG E\ WKH VWDWH HVWLPDWRU DQG WKHUHIRUH LW LV HVVHQWLDOO\ D
.DOPDQILOWHUEDVHGFRQWURO
 7KHUH DUH WZR VWUXFWXUHV IRU FRQWUROOHU LPSOHPHQWDWLRQ$V WKH ODWWHU RQHGRHV QRW QHHG WKH
LQYHUVH RSHUDWLRQ RI WKH QRQOLQHDU HQJLQH PRGHO LW LV SUDFWLFDOO\ DSSHDOLQJ IRU UHDO WLPH
HQJLQHFRQWURO
 7ZRGHVLJQSDUDPHWHUVFDQEHXWLOL]HGWRIXUWKHULPSURYHFRQWUROSHUIRUPDQFH
)LJ*HQHUDWLRQRIRSWLPDOFRQWUROVLJQDO tuopt
ty
td
 tv
tr
 tz k
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
 )XHO)ORZ&RQWURORI7XUERIDQ(QJLQHVIRU$FFHOHUDWLRQ1XPHULFDO6WXG\
1RZFRQVLGHU WKHVLPSOHFDVHIRUHQJLQHVSHHGFORVHG ORRSFRQWUROV\VWHPIXHO IORZFRQWURORI
URWDWLRQDOVSHHGRIWKHHQJLQHVKDIW7KHIROORZLQJVFHQDULRLVDVVXPHGWKHHQJLQHLVFRQWUROOHGE\
IXHOIORZ fW DQGH[SHULHQFHVDFFHOHUDWLRQIURPWRWKHGHVLJQSRLQWLW LV WKHQGHFHOHUDWHG
EDFN WR7KH+DPPHUVWHLQ:LHQHUUHSUHVHQWDWLRQDVGHSLFWHG LQVHFWLRQ LVXVHGIRUHQJLQH
PRGHO7KHWZRGHVLJQSDUDPHWHUVQHHGWREHFKRVHQILUVWOHW PIFck    WRREWDLQDVWDEOHFORVHG
ORRSFRQWUROV\VWHPZKHUHPIGHQRWHVWKH3,FRQWUROOHURIWKHHQJLQHWKHQWKHSDUDPHWHU
cP  LV
FKRVH WR EH 

 zPc  7KH FRQWURO SHUIRUPDQFH LV VKRZQ LQ )LJ  DOVR VKRZQ LV WKH
FRUUHVSRQGLQJ3,FRQWUROSHUIRU DQFH
     






7LPHV
5R
WDW
LRQ
DO
6S
HH
G

5RWDWLRQDO6SHHG7UDFNLQJ


5HIHUHQFH
1*09
3,

D$FFHOHUDWLRQDQGGHFHOHUDWLRQSHUIRUPDQFHRIWKHSURSRVHGFRQWUROOHUDVFRPSDUHGZLWKWKDWRI3,FRQWURO
Page 12 of 16
https://mc.manuscriptcentral.com/tjj
International Journal of Turbo and Jet Engines
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Preview Only

     






7LPHV
:I
&RQWURO3HUIRUPDQFH


1*09
3,

E)XHOIORZRIWKHSURSRVHGFRQWUROOHUDVFRPSDUHGZLWKWKDWRI3,FRQWURO
    






7LPHV
:I
&RQWURO3HUIRUPDQFH


1*09
3,

F$PSOLILHGIXHOIORZFXUYHRYHUVHFRQGV
)LJ&ORVHGORRSSHUIRUPDQFHZKLOHHQJLQHDFFHOHUDWHVDQGGHFHOHUDWHVEHWZHHQDQG
,W LV VHHQ IURP )LJ  WKDW WKH SURSRVHG FRQWUROOHU GRHV QRW VLJQLILFDQWO\ LPSURYH WKH
SHUIRUPDQFH GXULQJ HQJLQH DFFHOHUDWLRQ DQG GHFHOHUDWLRQ EXW LW LV VWLOO DGYDQWDJHRXV LQ WKH
IROORZLQJSRLQWV
 7KH WUDQVLHQW RYHUVKRRW LV UHGXFHG RYHU ODUJH HQYHORSH IOLJKW DQG WKLV LV VKRZQ IURP WKH
SHUIRUPDQFHGXULQJVHFRQGV%XWLWLVZDUQHGWKDWWKHREVHUYHGODUJHRYHUVKRRWLVQRWGXHWR
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WKH3,FRQWUROGHVLJQEXWWKHPRGHOLWVHOI7KDWLV WKHLGHQWLILHGPRGHOLVQRWDSSOLFDEOHIHDVLEOH
IURP LGOH WR URWDWLRQDO VSHHG RI VKDIW +RZHYHU WKH SURSRVHG FRQWUROOHU VWLOO VXSSUHVVHV WKH
RYHUVKRRWHIIHFWLYHO\
 )XHO FRQVXPSWLRQ LV VLJQLILFDQWO\ UHGXFHG )LJ E )XHO FRQVXPSWLRQ KDV EHHQ D YHU\
LPSRUWDQW SHUIRUPDQFH LQGH[ IRU ERWK FLYLO DQG PLOLWDU\ HQJLQHV ,W EHFRPHV LQFUHDVLQJO\
LPSRUWDQW IRU PRGHUQ HQJLQHV IRU FOHDQ &2 HPLVVLRQ ,Q IDFW D  UHGXFWLRQ LQ IXHO
FRQVXPSWLRQLQGH[LVDKLJKO\HIIHFWLYHGHVLJQ
)XHOVXSSO\EHFRPHVPXFKVPRRWKDQGVWHDG\7KLVLVVKRZQLQWKHDPSOLILHGILJXUHLQ)LJ
F6PRRWKRLOVXSSO\FDQUHGXFHWKHIDWLJXHORVVLQIXHOPHWHULQJGHYLFHVDQGWKLVFDQIXUWKHUFXW
GRZQWKHIXHOFRQVXPSWLRQ,QIDFWGXHWRWKHSUHVHQFHRIQRLVHVDQGGLVWXUEDQFHVLQWKHFRQWURO
ORRS WKH 3, FRQWUROOHU FDQ DPSOLI\ WKH GHWULPHQWDO HIIHFWV OHDGLQJ WR XQVWHDG\ FRQWURO
SHUIRUPDQFH7KLVKDVEHHQD WURXEOLQJSUREOHP LQ HQJLQH FRQWUROSUDFWLFH DQGKDUGZDUH LQ WKH
ORRS WHVWLQJ ,Q WKH SURSRVHG GHVLJQ KRZHYHU WKH GHVLJQ IUHHGRP LV FKRVHQ WR EH


 zPc  DQG VXFK D FKRLFH LPSURYHV FRQWURO SHUIRUPDQFH ZKLOH SURYLGLQJ ORZSDVV
ILOWHULQJHIIHFWVUHVXOWLQJLQDVXSSUHVVLRQRIQRLVH 
7KHUHIRUHWKHVLPXODWLRQUHVXOWVDOWKRXJKVWLOOSUHOLPLQDU\KDYHYDOLGDWHGWKHHIIHFWLYHQHVVRIWKH
SURSRVHGGHVLJQ7KH\DOVRSURYLGHXVHIXOJXLGDQFHIRUSUDFWLFDOGHVLJQDQGOD\WKHIRXQGDWLRQIRU
FDUU\LQJRXWIXUWKHUUHVHDUFKRQDGYDQFHGWUDQVLHQWFRQWURODQGKDUGZDUHLQWKHORRSWHVWLQJ
 &RQFOXVLRQ
7KH FRQFHSW RI PRGHOEDVHG GHVLJQ KDV EHHQ SRSXODUL]HG RYHU WKH SDVW IHZ \HDUV LQ &KLQHVH
DYLDWLRQLQGXVWU\$GPLQLVWUDWLRQDODQGVXSHUYLVLRQDODUFKLWHFWXUHKDYHEHHQGHVLJQHG WRVXSSRUW
WKH PRGHOEDVHG GHVLJQ SURMHFWV 0HDQZKLOH WKH HQDEOLQJ WHFKQRORJLHV LQ VPDUW VHQVRUV KLJK
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UHVSRQVH DFWXDWRUV HWF KDYH EHHQ GHYHORSHG LQWR D UHDGLQHVV OHYHO LW LV H[SHFWHG WKDW DGYDQFHG
FRQWUROV LQFOXGLQJ QRQOLQHDU FRQWURO ZLOO EH DSSOLHG ,Q &KLQD KRZHYHU DOO RI WKH FLYLO DQG
PLOLWDU\ HQJLQHV VWLOO XVH FRQYHQWLRQDO 3, FRQWURO PHWKRGRORJ\ DQG QR HVVHQWLDO UHVHDUFK RQ
DGYDQFHGFRQWUROLVFDUULHGRXW7KHGHYHORSPHQWLQFRQWUROWKHRU\DQGFRQWUROHQJLQHHULQJKDVQRW
EHHQ WDNHQDGYDQWDJHRI LQ WKH ILHOGRIHQJLQHFRQWUROV7KH UHVXOWVSUHVHQWHGKHUH VKRXOGVKHG
VRPHOLJKWRQWKLVOLQHRIUHVHDUFK1H[WVWHSRIUHVHDUFKZLOOIRFXVRQWKHQRQOLQHDUFRQWUROGHVLJQ
PHWKRGRORJ\RYHU ODUJHHQYHORSHDQG WKHFRUUHVSRQGLQJKDUGZDUH LQ WKH ORRS WHVWLQJSURYLGLQJ
IXHOHFRQRPLFGHPRQVWUDWLRQ
$FNQRZOHGJHPHQWV
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